Autosomal recessive polycystic kidney disease (ARPKD) is an inherited disease characterized by a malformation complex which includes cystically dilated tubules in the kidneys and ductal plate malformation in the liver. The disorder is observed primarily in infancy and childhood, being responsible for significant pediatric morbidity and mortality. All typical forms of ARPKD are caused by mutations in a single gene, PKHD1 (polycystic kidney and hepatic disease 1). This gene has a minimum of 86 exons, assembled into multiple differentially spliced transcripts and has its highest level of expression in kidney, pancreas and liver. Mutational analyses revealed that all patients with both mutations associated with truncation of the longest open reading frame-encoded protein displayed the severe phenotype. This product, polyductin, is a 4,074-amino acid protein expressed in the cytoplasm, plasma membrane and primary apical cilia, a structure that has been implicated in the pathogenesis of different polycystic kidney diseases. In fact, cholangiocytes isolated from an ARPKD rat model develop shorter and dysmorphic cilia, suggesting polyductin to be important for normal ciliary morphology. Polyductin seems also to participate in tubule morphogenesis and cell mitotic orientation along the tubular axis. The recent advances in the understanding of in vitro and animal models of polycystic kidney diseases have shed light on the molecular and cellular mechanisms of cyst formation and progression, allowing the initiation of therapeutic strategy designing and promising perspectives for ARPKD patients. It is notable that vasopressin V2 receptor antagonists can inhibit/halt the renal cystic disease progression in an orthologous rat model of human ARPKD.
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Introduction
Autosomal recessive polycystic kidney disease (ARPKD) is a hereditary disorder that affects the kidneys and the biliary tract. This disease is a major cause of pediatric renal cystic disease, often presenting as a devastating condition. Its clinical spectrum, however, is highly variable, ranging from a severe perinatal phenotype to later onset and milder forms.
Epidemiology and natural history
ARPKD has an estimated incidence of 1 in 20,000 live births (1) . The most severely affected cases are identified in utero and characterized by the development of enlarged and echogenic kidneys in diseased fetuses. The decreased fetal urine output, in turn, leads to oligohydramnios and, possibly, to pulmonary hypoplasia.
The reported incidence of severe pulmonary problems in ARPKD neonates varies from 13 to 75% depending on the nature of the analyzed patient population (2). Recent observations have suggested that approximately 30% of the affected neonates die shortly after birth as a result of respiratory insufficiency (3) . In a study including 166 North American patients, Guay-Woodford and Desmond (1) reported an overall survival of 85.8% at 1 month, 78.6% at 1 year, and 74.6% at 5 years, with the highest mortality rate (58%) occurring within the first month of life. The authors acknowledge, however, that this study probably underestimated the early mortality rate.
In the subset of patients who survive the perinatal period, morbidity and mortality are mainly associated with systemic hypertension, progressive renal insufficiency, and portal hypertension secondary to portal-tract fibrosis. ARPKD, in fact, is invariably associated with biliary dysgenesis. A more recent study, following 164 neonatal survivors, reported 1-and 10-year survival rates of 85 and 82%, respectively, in this patient population (4) . In this group, chronic renal failure was first detected at a mean age of 4 years, while the actuarial renal survival rates were 86% at 5 years, 71% at 10 years and 42% at 20 years.
Pathology
The ARPKD renal histopathology is characterized by bilateral and symmetric involvement. The kidney can be massively enlarged, reaching up to 10-fold its original size, with multiple 1-2-mm cysts on its surface (5) . In severely affected kidneys, radially distributed dilated and fusiform tubules fill the cortex and medulla (Figure 1 ). The cystic epithelium is composed of a uniform, singlecell, and cuboidal layer. Cystic tubules are virtually always derived from collecting ducts and communicate freely with their corresponding non-cystic tubule segments (5) .
The hepatic histopathology is characterized by ductal plate malformation (6) . The portal tract often retains its original embryonic architecture, with small, distorted bile ducts located at the periphery of the portal space. Portal ducts eventually become tortuous and cystic, encircled by variable degrees of fibrosis. When larger biliary ducts are also dilated, the disorder is called Caroli's disease. In some cases, cholangitis leads to a gradual replacement of the immature ducts by fibrosis, resulting in a condition known as hepatic fibrosis. The association of hepatic 
Genetics
All typical forms of ARPKD are caused by mutations in a single gene, PKHD1 (polycystic kidney and hepatic disease 1). Genetic linkage analyses allowed the ARPKD locus to be initially localized to the chromosome region 6p21.1-p12 (7, 8) . The later generation of a series of physical and genetic maps, followed by recombination mapping, led to the refinement of the critical interval to less than 1 Mb (9). This strategy allowed the construction of a candidate region transcriptional map, using database searches, cDNA library screening, bioinformatic tools, RT-PCR, and Northern blot analyses (10) . Expressed sequences were screened for mutations in ARPKD patient samples using DHPLC and DNA sequencing. Finally, the identification of disease-associated genetic variants in different portions of a large transcript led to the identification and characterization of the ARPKD gene, PKHD1 (10) . Simultaneously, another group independently identified PKHD1 by characterizing its orthologue in the polycystic kidney (pck) rat model (11) . analysis in human tissues revealed a broad and smeared signal, consistent with the existence of multiple different-size transcripts. PKHD1 has its highest level of expression in human fetal and adult kidneys, but lower levels were also detected in pancreas and even lower levels in human fetal and adult liver (10) . If a significant number of the alternatively spliced products are translated, their exon arrangements predict that both membrane-bound and soluble proteins should be produced (10) . In addition, it should be noted that a PKHD1 homologue, the PKHDL1 gene, was recently identified and shown to share the complex splicing property with PKHD1. While its putative longest ORF is equally expected to yield a membrane-bound protein, the gene is predicted to encode membrane and soluble products, including the secreted protein D86 (12) . These findings strongly suggest biological relevance for the PKHD1-encoded soluble products. The identified protein product encoded by PKHD1 has been called polyductin (10) or fibrocystin (11) .
The PKHD1 mouse orthologue, Pkhd1, was shown to conserve the basic features of its human counterpart. It is a very large gene, extending over a 500-kb genomic region, with its putative longest ORF also encoded by a 67-exon transcript (13) . It also presents a complex splicing pattern, giving rise to multiple transcripts. Northern blot analysis showed that Pkhd1 is expressed in kidney and weakly in liver, heart, stomach, intestine, muscle, uterus, and placenta. Interestingly, studies using two different cDNA probes, derived from exons 5 and 41, revealed a small, ~1-kb transcript in the testis, detected exclusively with the exon 41-related probe (13) .
In situ hybridization analyses in developing and adult mouse tissues showed high levels of expression in renal tubular structures in the mesonephros (day E12.5), branching ureteric bud and collecting ducts. Other structures in which Pkhd1 expression was observed included developing biliary ducts, muscular wall of large vessels, primordial testis, dorsal root ganglia, embryonic lung mesenchyme, pancreatic ducts, developing trachea, and skeletal muscle. Similarly to the Northern blot results, in situ hybridization studies revealed different splicing profiles in distinct tissue structures. Transcripts expressed in the wall of large vessels, developing lung or trachea include exon 41 but lack exon 5, while those present in kidney and liver comprise both exons (13) . Interestingly, a genetically modified mouse lacking exon 40, which is part of the longest Pkhd1 transcript expressed in kidney and liver, developed cystic biliary dysgenesis but no morphologically abnormal kidney phenotype (14) .
PKHD1 mutation analyses in autosomal recessive polycystic kidney disease
Several studies have recently analyzed mutations in the PKHD1 longest ORF transcript in ARPKD patients, providing initial genotype-phenotype correlations (10, 11, (15) (16) (17) . All patients with both mutations associated with truncation of the longest ORFencoded protein expressed the severe phenotype. In addition, PKHD1 mutations have also been reported in patients with congenital hepatic fibrosis and Caroli's disease, with minimal or no kidney involvement (11, 17) .
All studies found that the mutations are scattered throughout the gene. The overall mutation detection rate in ARPKD patients significantly varied between the severe and the moderate phenotypic groups, and among the studies. The highest detection rate was obtained in a more recent study, reaching 82.7% (3) . These investigators evaluated all 86 predicted exons, including the 67 that are part of the longest ORF transcript and the 19 alternative exons. According to these researchers, the prediction of whether a sequence variant is pathogenic should rely on the following criteria: 1) a potential chain-terminating effect on the longest predicted polypeptide, 2) disruption of a canonical splice site or creation of a novel site, 3) substitution of an evolutionarily conserved amino acid in the context of the Miller and Kumar matrix, and 4) detection in <0.5% of normal chromosomes. Missense changes that meet criterion 2 or 3 but occur in >0.5% of normal chromosomes should be defined as unclassified. Interestingly, Sharp and colleagues (3) added a new piece of information to the genotype-phenotype correlation: splice site mutations in both alleles or in combination with a truncating mutation have also always resulted in the severe perinatal phenotype.
Polyductin, the PKHD1 gene product
All but the first exon of the gene's longest ORF transcript are coding. The putative ORF, in turn, is predicted to encode a 4,074-amino acid integral membrane protein (10, 11) . This protein includes a putative 3,858-amino acid extracellular amino terminus, a single transmembrane (TM) domain and a short carboxyl intracellular tail ( Figure 3) . Polyductin is predicted to be a highly Nglycosylated protein. Structural analysis revealed that it comprises a series of immunoglobulin-like-plexin-transcription factor (IPT) domains in its amino terminus and multiple parallel ß-helix 1 (PbH1) repeats between the last IPT and the TM domains (10) . Multiple tandemly arranged IPT domains are also found in single-pass cell surface receptors that belong to the Sema superfamily of proteins, including the hepatocyte growth factor receptor and the plexins, suggesting a similar function for polyductin. The PbH1 repeats, on the other hand, are most commonly found in polysaccharidases and may be important for carbohydrate moiety recognition and/or modification. Polyductin's short carboxyl tail includes putative cAMP/cGMP-dependent protein kinase phosphorylation sites that may also be important for its function. It is notable that mouse polyductin presents the same general domain structure as the human product. In fact, these proteins share 73% identity over their complete length, though there are segments with considerably higher (87%) and lower (40%) identity values (13) .
Polyductin was shown to be an over 440-kDa membrane-bound protein expressed in kidney, liver and pancreas (18) (19) (20) . Two alternative products of ~230 and ~140 kDa have also been detected (18) . Interestingly, the ~140-kDa band was shown to be expressed predominantly in soluble cellular fractions, suggesting that it may represent a secreted product. This study supports the concept that PKHD1 encodes membrane and soluble proteins. Immunohistochemistry analyses revealed staining of cortical and medullary col- Only the longest open reading frame-encoded product, a membrane-associated protein, is shown in the schema. IPT = immunoglobulin-like-plexin-transcription factor; PbH1 = parallel ß-helix 1.
lecting ducts and thick ascending limbs of Henle in kidney and biliary and pancreatic duct epithelia (18) . In human fetus and mouse developing tissues, staining was observed in the branching ureteric bud but not in the metanephric mesenchyme, S-shaped bodies or glomeruli (18, 19) . Liver analysis revealed a positive signal in intra-and extra-hepatic biliary ducts, pancreatic ducts and salivary gland ducts from mouse embryos. Notably, a non-overlapping staining pattern in pancreas and salivary gland acini with antibodies against different portions of polyductin was consistent with the existence of structure-specific translated products (18) .
Several studies have shown that at the subcellular level polyductin is expressed in the primary apical cilia in kidney cells and cholangiocytes (18) (19) (20) (21) (22) . This pattern has remarkable implications for ARPKD pathogenesis, as we will discuss in the next section. Polyductin is also localized at the apical membrane in collecting duct cells and in the cytoplasm of inner medullary collecting duct (IMCD) cells grown in culture. These observations suggest that, in addition to its participation in ciliary function, the protein has functional roles in other subcellular domains (18) .
Pathogenesis of autosomal recessive polycystic kidney disease

Role of primary apical cilia in cystogenesis
The primary cilium is a solitary cellular structure present in almost all vertebrate cells, with the exception of bone marrow-derived cells and kidney collecting duct intercalated cells. It is a non-motile cilium, composed of nine peripherally located microtubule pairs, but lacking the central microtubule pair seen in motile cilia (23) . The primary cilium develops from a modified centriole, the basal body. Its assembly and maintenance depend on the transport of proteins between the cilia and the cytoplasm, a process called intraflagellar transport (IFT). It is believed that this organelle may function as a mechanosensor, transducing flux-induced signals through intracellular calcium transients (24) .
Several studies have shown that proteins translated from genes mutated in different human polycystic kidney diseases (PKD) and PKD animal models are expressed in the primary cilium. Polycystin-1 and polycystin-2, the products of PKD1 (polycystic kidney disease 1) and PKD2, the genes mutated in autosomal dominant polycystic kidney disease (ADPKD), have been detected in the ciliary axoneme (25) . While polycystin-1 is thought to behave as a mechanosensor (26), polycystin-2 functions as a calcium-permeable, non-selective cation channel (27) . They are membrane proteins known to interact with each other by their carboxyl tails, regulating calcium cell influx. A recent study by Low and colleagues (28) shed light upon a potential transduction signaling pathway associated with ciliary mechanosensation. According to this study, polycystin-1 undergoes proteolytic cleavage, resulting in nuclear translocation of its carboxyl terminus. The interaction of the released tail with the signal transducer and activator of transcription 6 (STAT6) and the co-activator P100, in turn, stimulates STAT6-dependent gene expression, linking mechanical signaling to transcriptional changes.
The congenital polycystic kidney (cpk) mouse has a renal phenotype that is fully expressed in homozygotes and is similar to human ARPKD (29) . Cystin, the product of Cys1, the cpk gene, has also been detected at the ciliary axoneme, where it could play a role in stabilizing microtubule assembly (29) . Interestingly, mice homozygous for the cpk mutation treated with the microtubule stabilizer paclitaxel have a delayed progression of PKD (30) .
Another recessive PKD mouse model is the Oak Ridge polycystic kidney (orpk) animal (31) . The orpk allele seems to be a hypomorphic allele of Tg737. Polaris, the Tg737 gene product, is expressed in the ciliary ax-oneme and basal bodies, a pattern of distribution similar to that reported for proteins involved in IFT (32) . It has been suggested that polaris may serve as the scaffold upon which IFT proteins assemble (32) . It is interesting to note that paclitaxel treatment was ineffective in Tg737orpk homozygotes, suggesting that polaris and cystin play different roles in ciliary formation and function (29, 33) . Despite the supporting evidence linking cilia and PKD, it should be noted that Brown and Murcia (34) showed that, while orpk mice have shortened cilia and cystic kidneys, re-expression of polaris normalizes cilium length but does not change the cystic phenotype. A recent study by Siroky and colleagues (35) provided important information to connect polaris to calcium signaling. Working with orpk collecting duct principal cells lacking primary cilia, these investigators showed unregulated cell calcium entry and increased subapical calcium concentration. Their findings suggest, moreover, that such observation can be explained on the basis of increased abundance of apical polycystin-2.
The products of genes mutated in other polycystic kidney diseases are also expressed in the ciliary axoneme and/or basal body. Such disorders include Bardet-Biedl syndrome (36) and nephronophthisis (37) . Among these proteins, inversin, the product of the gene mutated in nephronophthisis type 2 (NPHP2), is particularly interesting. Recent results by Simons et al. (38) have suggested that cyst formation in the absence of inversin is caused by unopposed canonical Wnt signaling. These investigators speculate that the onset of glomerular filtration and production of primary urine lead to flow-induced up-regulation of inversin. This up-regulation terminates canonical Wnt signaling and facilitates ß-cateninindependent Wnt pathways, allowing terminal differentiation of tubular epithelial cells (38) . In addition, Morgan and colleagues (39) demonstrated that inversin not only localizes to cilia, but also presents a cellular distribution that changes through the cell cycle. While it is expressed in the centrosomes in prophase and in the spindle poles in metaphase and anaphase, its expression is detected in the midbody in late telophase. This observation provides a link between ciliary function and the cell cycle.
The role played by cilia in cystogenesis is also supported by Lin and co-workers (40) . These investigators created a kidney-specific Kif3A knockout mouse. KIF3A is part of the heterotrimeric kinesin-II, a protein that mediates the IFT anterograde flow. In this animal model, kidney cysts developed from day P5 onward and epithelial cells lacking cilia were observed lining cystic tubules (40) . In fact, these investigators reported an increased expression of ß-catenin in the cytosol and nuclei of cystic kidney cells.
Polyductin's relation to the primary apical cilium and its biological properties
The ciliary expression of polyductin has been extensively studied. While Ward and colleagues (19) demonstrated that polyductin is localized to the ciliary axoneme in MadinDarby canine kidney (MDCK) cells, other groups reported expression predominantly in the basal body area in human adult and fetal kidneys, and in MDCK, IMCD3 and human embryonic kidney (HEK293) cell lines (20, 21) . Using immunofluorescence analysis of cultured IMCD cells and immunoelectron microscopy of renal collecting duct cells, Menezes et al. (18) showed polyductin expression in both the axoneme and the basal body-axoneme transition. It has been suggested that this localization pattern might support a role for polyductin in IFT, either carried to the tip as cargo or as part of the IFT protein complex (20) . Furthermore, this localization pattern seems to be independent of polycystin-1, since the polyductin expression profile is not altered in Pkd1 null/null cells (20) . A recent study has suggested that calcium-modulating cyclophilin ligand (CAML) is a polyductin binding partner by interacting with its carboxyl tail (41) . Interestingly, both proteins are shown to co-localize in the primary cilia, basal body and apical membrane of distal nephron cells. Since CAML is a calcium signaling-related protein, these results suggest that polyductin may also contribute to the modulation of intracellular calcium.
Polyductin is apparently important for normal ciliary morphology. Analyzing microdissected cholangiocytes isolated from rat livers, Masyuk and co-workers (22) demonstrated that cilia are shorter and dysmorphic in pck rats. In addition, these investigators showed that cholangiocytes treated with Pkhd1 siRNA had smaller cilia that lacked polyductin expression. Further characterization of the pck liver phenotype confirmed these findings, demonstrating that cilia are malformed, with bulbous extensions of the ciliary tip or ciliary axonemal membrane, heterogeneous in length and on average significantly shorter than normal (42) .
Recent work has shown that tubule morphogenesis is associated with cell mitotic orientation along the tubular axis, revealing planar cell polarity (43) . In parallel, these investigators demonstrated distortion in mitotic orientation in PKD animal models. Pkhd1, in turn, has been shown to play a significant role in tubule morphogenesis. Inhibition of its effects by shRNA disrupted tubular morphogenesis induced in IMCD cell cultures, leading to abnormalities in cell proliferation, apoptosis, cell-cell contact, and cytoskeleton (44) . Based on these analyses, such biological defects may be dependent on alterations of extracellular signal-regulated kinase (ERK) and focal adhesion kinase (FAK)-mediated signaling.
Pkhd1 transcriptional defects and cystogenesis
A recent set of studies has begun to elucidate the transcription network involving Pkhd1 (45) (46) (47) . Analyzing the Pkhd1 gene promoter region, Hiesberger and colleagues (46) identified an evolutionarily conserved hepatocyte nuclear factor-1 (HNF-1) binding site. HNF-1α and HNF-1ß are transcription factors known to control the expression of several genes, especially in liver, kidney and pancreas. Mutations in HNF-1α and HNF-1ß are found in patients with maturityonset diabetes of the young types 3 and 5, respectively. Moreover, HNF-1ß mutations have been associated with hypoplastic glomerulocystic kidney disease, cystic renal dysplasia and oligomeganephronia. Notably, Gresh and co-workers (45) demonstrated that transgenic mice with kidney-specific inactivation of HNF-1ß developed renal cysts and bilateral ureteral dilation. Furthermore, these investigators showed that the expression of three genes involved in cystic diseases (Umod, Pkhd1 and Pkd2) was decreased in mutant mice and that these genes were directly controlled by HNF-1ß (45) .
Supporting evidence for a role of HNF-1ß as a Pkhd1 transcription factor has been provided by Hiesberger and colleagues (46) . These investigators cloned the Pkhd1 promoter region and demonstrated that HNF-1ß and HNF-1α directly activate the Pkhd1 promoter. They showed, in addition, that expression of a dominant negative HNF-1ß mutant in mice resulted in renal cysts (46) . To further characterize the molecular mechanism involved in Pkhd1 regulation by HNF-1ß, this group analyzed the effects of different HNF-1ß mutants on Pkhd1 promoter activation and concluded that the HNF-1ß C-terminal domain is required for its activation (47) . These studies, in fact, suggest a model of cystogenesis in HNF-1ß mutant disorders/models that is based on reduced Pkhd1/PKHD1 expression secondary to abnormal transcription.
Epidermal growth factor receptor in autosomal recessive polycystic kidney disease
It has been suggested that abnormal expression of epidermal growth factor receptor (EGFR) in the apical surface of cystic epithelia may contribute to cyst formation and enlargement. In vitro studies analyzing cystic collecting duct cells derived from ARPKD patients and different recessive PKD mouse models (bpk, cpk, and orpk) have confirmed the abnormal apical expression of EGFR (48) . Moreover, they have revealed that these receptors bind EGF, eliciting a mitogenic response. Richards and co-workers (49) elegantly demonstrated the importance of EGFR signaling in cystogenesis. These investigators engineered mice carrying both the orpk mutation and a point mutation that leads to decreased EGFR tyrosine kinase activity; these animals were reported to have a significant decrease in cyst formation. A number of studies, in fact, have confirmed the benefits of using EGFR tyrosine kinase inhibitors to attenuate cystic kidney disease in PKD animal models (50) . It should be noted, however, that in the orthologous rat model of human ARPKD, the pck rat, EGFR tyrosine kinase inhibitors were not protective (51) .
In addition to its role in the kidney phenotype of recessive PKD models, EGFR signaling appears to be important in the pathogenesis of cystic biliary dysgenesis. It was shown that biliary epithelial cells were hyper-responsive to the proliferative effect of EGF in a non-orthologous recessive PKD mouse model, the bpk mouse. Moreover, Sato et al. (52) recently demonstrated that, though the biliary epithelia of pck and control rats displayed similar EGFR localization and signal intensity patterns, an increased proliferative response to EGF was observed in pck cultured biliary epithelial cells. This effect, in turn, apparently involves the MEK5-ERK5 signaling pathway.
It should be noted that abnormal EGFR signaling may be also related to the dysfunctional sodium reabsorption observed in ARPKD. In the distal nephron, Cotton's group (53) demonstrated that EGF signaling through ERK1/2 activation inhibits amiloride-sensitive sodium channels. These investigators reported decreased sodium absorption in bpk mouse-derived cell cultures and suggested that this effect might be mediated by increased EGF synthesis and signaling through apical EGFR (54) . Potentially conflicting results were obtained in studies using ARPKD cyst-derived epithelial cells. Rohatgi and colleagues (55) showed that these cells not only retained the normal sodium absorptive direction, but also displayed significantly increased sodium reabsorption. These investigators suggested that the increased sodium absorption in ARPKD cells could be partially mediated by the epithelial sodium channel (ENaC) and might contribute to volume expansion and the clinically verified systemic hypertension. Taken together, these results emphasize the importance of carefully considering the studied models before assuming common pathways.
Cyclic AMP in autosomal recessive polycystic kidney disease
The proliferation of renal cystic epithelial cells has been shown to be stimulated by cyclic AMP (cAMP), an effect that was demonstrated in ADPKD cyst-derived cells (56) . In these cells, a cAMP agonist, forskolin, increased the cellular activity of ERK1/2 but had no effect on normal kidney cells. Furthermore, the use of a MEK inhibitor blocked this forskolin-induced proliferation, suggesting that MEK may be the site where cAMP activates the ERK/MAPK cascade (56) . A later study showed that in ADPKD cells, but not in normal control cells, cAMP activates ERK through B-Raf (57) .
The vasopressin V2 receptor (VPV2R) is believed to be the major cAMP agonist pathway in collecting duct principal cells. Based on this rationale, Torres et al. (58) and Gattone et al. (59) decided to investigate the role of VPV2R antagonists in different PKD animal models. These investigators demonstrated that in the pck rat, an orthologous model of human ARPKD, the administration of a VPV2R antagonist between 3 and 10 weeks of age reduced renal accumulation of cAMP and inhibited cystic disease development. In addition, when performed between 10 and 18 weeks of life, treatment with this antagonist halted disease progression (59) . The liver phenotype, however, was not modified. Such observation, in fact, was an expected event, since VPV2Rs are absent in liver. More recently, the protective effect of VPV2R antagonists in pck rats was shown to be related to inhibition of the Ras/B-Raf/ERK pathway (60).
Conclusion and future prospects
Although much remains to be elucidated, the understanding of ARPKD molecular and cellular pathogenesis has increased dramatically during the last few years. The identification and characterization of the PKHD1 gene, followed by the detailed featuring of the polyductin expression pattern, opened the path for analyses of potentially specific pathogenetic mechanisms. Genetic manipulation of animals, in addition, has now allowed testing potential therapeutic interventions in relevant orthologous models. Such progresses, in turn, are serving and will serve as a knowledge platform to support and guide clinical trials, which might finally offer promising perspectives for ARPKD patients.
